We present results from the zeroth-order imaging of a Chandra HETGS observation of the nearby Seyfert 2 galaxy Circinus. Twelve X-ray sources were detected in the ACIS-S image of the galaxy, embedded in diffuse X-ray emission. The latter shows a prominent (∼ 18 ′′ ) soft "plume" in the N-W direction, coincident with the [O III] ionization cone. The radial profiles of the brightest X-ray source at various energies are consistent with an unresolved (FWHM ∼ 0.8 ′′ ) component, which we identify as the active nucleus, plus two extended components with FWHMs ∼ 2.3 ′′ and 18 ′′ , respectively. In a radius of 3 ′′ , the nucleus contributes roughly the same flux as the extended components at the softest energies ( < ∼ 2 keV). However, at harder energies (> 2 keV), the contribution of the nucleus is dominant. The zeroth-order ACIS spectrum of the nucleus exhibits emission lines at both soft and hard X-rays, including a prominent Fe Kα line at 6.4 keV, showing that most of the X-ray lines previously detected with ASCA originate in a compact region ( < ∼ 15 pc). Based on its X-ray spectrum, we argue that the 2.3 ′′ extended component is scattered nuclear radiation from nearby ionized gas. The large-scale extended component includes the emission from the N-W plume and possibly from the outer starburst ring.
1. INTRODUCTION Observations of Seyfert 2 galaxies with ROSAT and ASCA showed that many distinct components contribute to the soft Xray radiation from these sources. Emission from diffuse gas, extending up to a few kpc around the nucleus, was imaged with ROSAT (e.g., Morse et al. 1995; Weaver et al. 1995; Matt et al. 1994) , and interpreted as gas associated to a starburst or scattered nuclear radiation (Wilson et al. 1992; Matt et al. 1994) . The ASCA spectra of Seyfert 2s are consistent with obscured hard X-ray continua and often show emission lines at soft and hard X-rays (e.g., Turner et al. 1997) , of unknown origin. Attempts to disentangle the contributions of the nuclear and extranuclear components were hampered by the poor angular resolution of the ASCA detectors. The excellent spatial resolution (0.5 ′′ /pixel) and spectral capabilities of Chandra make it uniquely suited to this task.
Here we study the case of the Circinus galaxy. At a distance of 4 Mpc, Circinus is a well-studied Seyfert 2 with spectacular manifestations of nuclear and extranuclear activity, including an [O III] ionization cone (Marconi et al. 1994 ) and two starburst rings at ∼ 2 ′′ and 10 ′′ from the nucleus (Wilson et al. 2000 and references therein). In X-rays, imaging with ROSAT showed an unresolved X-ray source at the nuclear position and three discrete X-ray sources within 1 ′ (Guainazzi et al. 1999) . ASCA observations show a rich emission line spectrum (Sako et al. 2000a; Netzer, Turner, & George 1998; Matt et al. 1996) , attributed to the active nucleus. We performed a 60 ks Chandra HETGS observation of Circinus in an effort to determine the origin of its X-ray emission; here we present the first results from an analysis of the zeroth-order ACIS image, while in a companion paper we discuss the HETGS spectrum. At the distance of the source, 1 ′′ =19 pc.
OBSERVATIONS AND DATA ANALYSIS
The Circinus galaxy was observed with the High Energy Transmission Grating Spectrometer (HETGS; Canizares et al. 2000, in prep) on 2000 June 6, with ACIS-S (Garmire et al. 2000) in the focal plane. The observation was continuous, with the target at the aimpoint of the S3 chip. In order to reduce pileup in the zeroth-order, a customized subarray window of 600 rows was used, yielding a frametime of 2.1 s. With this choice, pileup is negligible: the nucleus (the brightest X-ray point source in the field) has ∼ 0.2 counts/frame corresponding to a pileup fraction of 3% (see the Chandra Proposer's Observatory Guide, Figure 6 .25). The data were reduced using the CIAO v.1.1.5 software provided by the Chandra X-ray Center (CXC). Gain correction was applied using updated calibration files appropriate for the observing epoch, and we filtered for times of bad aspect and "bad" pixels. Only ASCA grades 0, 2, 4, and 6 were accepted. The total net exposure time was 60,223 s. We checked that the S3 background was stable during the observation. ACIS spectra were analyzed using spectral responses generated with CIAO for nodes 0 and 1.
The astrometric accuracy of our Chandra image is ∼ 2.5 ′′ , derived comparing the position of the nucleus in the ACIS image with published values from radio and optical observations (Elmouttie et al. 1995; Gardner & Whiteoak 1982) . This is poorer than the nominal ∼ 1 ′′ accuracy. Unfortunately, it was not possible to improve the absolute astrometry, as no unrelated foreground or background sources were detected in the field of view.
RESULTS
The zeroth-order image of Circinus in the energy range 0.5-8 keV is shown in Figure 1 . A bright X-ray source is apparent, which we identify with the nucleus, together with several point Table 2 ); source # 12 is out of the image. The nucleus is the brightest X-ray source in the field (# 1). Extended emission is apparent, with an asymmetric "plume" in a N-W direction.
sources, of which at least four are located within 5
′′ of the nucleus. Using the algorithm wavdetect (Freeman et al. 2000) with a significance threshold of 10 −7 , twelve sources are detected in Figure 1 . The X-ray sources are embedded in a faint, diffuse X-ray emission with a "plume" extending ∼ 20
′′ in the N-W direction. We estimate that, within a circle of radius 43 ′′ , ∼ 50% of the 0.5-8 keV counts are from the nuclear region, while the discrete X-ray sources contribute ∼ 30% of the counts and the extended emission 20%. The total 0.5-8 keV count rate from ACIS-S in this aperture is 0.19 counts s −1 consistent with ASCA and BeppoSAX (Guainazzi et al. 1999; Matt et al. 1996) .
Nuclear vs. Extended X-ray emission
The brightest X-ray source in the field, with a total of 5,309 counts in the 0.5-8 keV band, has X-ray coordinates α(2000)=14h 13m 09.83s, δ(2000)=-65
• 20 ′ 21.35 ′′ . We identify this source with the nuclear region of Circinus.
We calculated the 0.5-8 keV radial profile of this source integrating the counts in annuli with widths of 0.1 ′′ for radii < ∼ 2 ′′ , and with widths 0.5 ′′ for radii > ∼ 2 ′′ . The profiles were background-subtracted using background counts from a blank region in the field, and the serendipitous sources excised using circles of radii 1.5
′′ . The observed 0.5-8 keV profile can be fit with three Gaussians: an unresolved point source with FWHM=0.8 ′′ ± 0.09 ′′ , an extended component with FWHM=2.3 ′′ ± 0.17 ′′ , and a second diffuse component with FWHM=18
′′ ± 2 ′′ . We identify the unresolved component with the active nucleus. Based on the X-ray spectrum (see below), the 2.5 ′′ component is most likely scattered nuclear radiation by ionized gas. Its size (∼ 50 pc) is consistent with the size of the scattering mirror in Seyfert 2s from HST spectropolarimetry (e.g., Kraemer, Ruiz, & Crenshaw 1998) . The large-scale component comprises the N-W plume, scattered radiation, and possibly emission from the outer starburst ring. By integrating the best-fit Gaussian models, we estimate that, in a radius of 3 ′′ , the point source contributes 70% of the 0.5-8 keV counts, with the inner extended component contributing most (29%) of the remaining counts.
Energy-dependent radial profiles were also computed in the 1.0-1.6, 1.6-2.7, 2.7-4.0, and 6.0-6.5 keV bands. These energy bands bracket the ranges of emission from ionized Mg, Si, S, and from neutral Fe, respectively, while containing at the same time enough photons to allow meaningful signal-to-noise ratios. The profiles are shown in Figure 2a -d together with the corresponding simulated PSFs. The latter were calculated with the MARX simulator (v.3.0), assuming a Gaussian spatial model with width σ=0.17
′′ to take into account aspect effects, and as input spectral model a power law (photon index Γ = −0.8) plus an Fe Kα line, which to a first approximation describes the zero-order ACIS spectrum. As in the case of the 0.5-8 keV profile, the energy-dependent profiles in Figure 2 can be fitted with three Gaussians, an unresolved (FWHM ∼ 0.8 ′′ ) point source, and two extended components with FWHMs ∼ 2.5 ′′ and 14-21 ′′ , with uncertainties of ∼ 34% or better. The relative contributions of the three components at various energies and extraction radii are reported in Table 1 . They were obtained by integrating the best-fit Gaussians of the three components. In the smaller aperture, the nucleus and the 2.5 ′′ component give roughly similar contributions at soft energies ( < ∼ 2 keV), while at hard X-rays ( > ∼ 2 keV) the nucleus becomes dominant. Circinus is thus a different case from the Seyfert 2 Mrk3, where recent Chandra observations show that all the soft X-ray flux originates from an extended region (Sako et al. 2000b ).
Zeroth-order ACIS spectra
The ACIS spectra of the nucleus in a radius 0.8 ′′ , and of the inner extended component, between 0.8 ′′ and 3 ′′ , are shown in Figure 3 . A total of 4132 and 1214 counts were collected for the nucleus and the extended component, respectively. The nucleus exhibits several emission lines at both soft and hard X-rays, including a prominent (EW ∼ 2.5 keV) Fe Kα line. The extended −0.18 keV, E 2 =1.25 ± 0.02 keV, E 3 =1.78 ± 0.05 keV, E 4 =2.25 ± 0.05 keV, and E 5 =6.4 ± 0.02 keV, and a continuum typical of a combination of highly ionized material (positive Gamma at low energies) together with a low ionization reflector (negative Gamma at high energies). These properties suggest that a likely origin of the 2.5 ′′ extended component is scattering of the nuclear radiation from ionized gas. A more detailed spectral analysis will be given in our companion paper. Here for future ref- 
The N-W "plume"
A faint, diffuse X-ray emission is apparent in Figure 1 , with an asymmetrical total extension in a N-W direction for ∼ 20 ′′ (∼ 0.4 kpc). The "plume" is offset by an angle of ∼ 10 degrees from the dispersion direction, and coincides with the large-scale [O III] emission from an archival HST image (Wilson et al. 2000) .
The ACIS spectrum of the plume contains only 200 counts, mostly from 0.6-2 keV. While deeper ACIS observations are needed to study in detail the origin of the X-ray emission from the [O III] cone, we briefly note that a possibility suggested by the X-ray spectrum is a blend of soft X-ray lines around 0.6-1 keV (O, Ne, Fe L), possibly from gas photoionized from the nucleus. However, assuming an ionization parameter U X ∼ 0.02 and linear extent of the gas 20 ′′ =0.6 kpc, we find that the luminosity required to ionize the gas is L X ∼ 8 × 10 43 erg s −1 , more than one order of magnitude higher than observed for the nucleus (Matt et al. 1999 , and our companion paper). Alternatively, this component may well be due to starburst regions at that location with a typical temperature kT ∼ 0.3 keV. However, the signal-to-noise ratio of the data is not adequate to test this idea.
Discrete X-ray point sources
We comment briefly on the properties of the serendipitous Xray sources, leaving more details to a future publication. Table  2 lists the basic X-ray properties of the detected X-ray sources, including crude spectral information in the form of hardness ratios (HR), and the sources' intrinsic 0.5-8 keV luminosities, which are in the range L X ∼ 10 37−39 erg s −1 . The sources do not have obvious optical counterparts on an archival HST WFPC2 F606W image within 4
′′ from the X-ray positions, down to a
3.-Zeroth-order ACIS spectra of the nucleus in a circle of radius 0.8 ′′ , and of the extended component between 0.8 ′′ and 3 ′′ . Only spectra for node 0, where 65% of the counts were collected, are presented for clarity. The spectrum of the nucleus shows several emission lines at both soft and hard X-rays. The spectrum of the extended component shows emission lines between 1.0 and 2.2 keV, a prominent Fe Kα line at 6.4 keV, and a very flat power law continuum between 2.5 and 6 keV. These properties suggest it is scattered nuclear radiation from ionized gas.
limiting magnitude of V ∼ 25 (Carollo et al. 1997) . The implied X-ray-to-optical flux ratios, f x / f V > ∼ 15.8, are larger than for stars, normal galaxies, and AGN (Maccacaro et al. 1988) . The ACIS spectra of the serendipitous sources exhibit spectral cutoffs below ∼ 0.8-1 keV, consistent with column densities N H = (5 − 10) × 10 21 cm −2 . These columns are consistent within their large uncertainties with the Galactic value in the direction to Circinus, N H = (3.3 ± 0.3) × 10 21 (Freeman et al. 1977) . The X-ray spectra are generally hard (HR > 2, Table 2 ), and inspection of the spectra shows that strong emission lines (EW ∼ a few hundred eV) are present in the brightest sources at both soft and hard X-rays, indicating emission from ionized Ne, Si, S, Arg, and Fe. Short-term (∼ 1-3 hours) flux variability is also observed in several cases; remarkably, source # 8 shows periods of total flux occultation every ∼ 20 ks. This source was also detected with ROSAT (Guainazzi et al. 1999 ) with a 0.1-2.4 keV count rate a factor 1.6 lower than measured with Chandra. Based on these properties, likely origins for the the serendipitous X-ray sources are X-ray binaries and/or ultra-luminous SNRs (e.g., Chu, Chen, & Lai 1999) .
CONCLUSIONS
A Chandra X-ray observation of Circinus shows complex Xray emission. Besides the unresolved nucleus, several bright Xray sources (most likely X-ray binaries or ultra-luminous SNRs associated with the galaxy itself) are detected within several arcsec from the nucleus, as well as diffuse ionized/cold gas, on scales as large as 20 ′′ (400 pc), contributing to various degrees to the X-ray emission. We find that at the softer energies, the X-ray emission is equally contributed to by the unresolved nucleus (i.e., < ∼ 0.8 ′′ or 15 pc) / and by an extended emission on Hardness ratios, i.e., ratios of the 2-8 keV counts to the 0.5-2 keV counts. b Observed fluxes in 10 −12 erg cm −2 s −1 , and intrinsic (i.e., absorption-corrected) luminosities in 10 39 erg s −1 , from the best-fit model to the ACIS spectra. c Calculated assuming a power law with N H = 1 × 10 22 cm −2 and photon index Γ = 1.5, consistent with the HR. scales ∼ 2 ′′ or 38 pc. At harder X-rays ( > ∼ 2 keV), the nucleus becomes dominant. This is in contrast to Mrk3, where recent Chandra HETGS observations show that all the soft Xray flux originate from a resolved extended component (Sako et al. 2000b ).
